Multidrug-resistant Vibrio cholerae O1 El Tor strains isolated during the 1994 outbreak of cholera in Albania and Italy were characterized for the molecular basis of antibiotic resistance. All strains were found to be resistant to tetracycline, streptomycin, spectinomycin, trimethoprim, sulfathiazole, and the vibriostatic compound O/129 (2,4-diamino-6,7-diisopropylteridine). Resistance genes were self-transferable by a conjugative plasmid of about 60 MDa, with the exception of spectinomycin resistance, which was conferred by the aadA1 gene cassette located in the bacterial chromosome within a class 1 integron. The resistance to trimethoprim and O/129 was conferred by the dfrA1 gene, which was present on the plasmid. Although the dfrA1 gene is known to be borne on an integron cassette, class 1, 2, or 3 intI genes were not detected as part of the plasmid DNA from the strains studied.
Since 1977, outbreaks of cholera caused by resistant Vibrio cholerae strains have been reported in Africa, Asia, and America (5, 16, 17, 19, 22, 23, 34) . The therapeutic and prophylactic treatment of cholera with antibiotics like tetracycline has probably contributed to the sporadic appearance of drug-resistant strains in different geographical areas. Multiple-antibiotic resistance in V. cholerae has been described, frequently upon the acquisition of R plasmids belonging to the conjugative group C (9, 10, 32, 33) .
In September 1994 an epidemic of cholera due to V. cholerae O1 El Tor occurred in Albania (11, 35) , and somewhat later in autumn, 12 cases of cholera were reported on the southeast coast of Italy, in the province of Bari (36) . Twenty clinical V. cholerae O1 strains from Albania and 15 (12 clinical and 3 environmental) strains from Italy were ribotyped (26) ; results confirmed the clonal origin of all the Albanian and Italian isolates and showed a different ribotype for a V. cholerae strain isolated in Italy in the same year, from an imported case of cholera (Fig. 1) .
All the Albanian and Italian V. cholerae epidemic strains showed an identical R type, being resistant to streptomycin, spectinomycin, tetracycline, trimethoprim, and sulfathiazole, as assessed according to the National Committee for Clinical Laboratory Standards guidelines (24) . They were also resistant to 150 g of O/129 (2,4-diamino-6,7-diisopropylpteridine). All isolates were susceptible to ampicillin, nalidixic acid, chloramphenicol, kanamycin, and ciprofloxacin.
The 15 Albanian and 13 Italian isolates were further characterized with regard to their genetic basis of resistance. Conjugation experiments with Escherichia coli K-12 14R525 as the recipient strain showed that the resistance to streptomycin, tetracycline, trimethoprim, sulfathiazole, and O/129 was selftransferable. MICs of trimethoprim, spectinomycin, streptomycin, and tetracycline were measured for V. cholerae O1 strains and for their transconjugants, according to NCCLS guidelines (25), and demonstrated that transconjugants have acquired the multiple-resistance phenotype of the V. cholerae donor strains, except for spectinomycin resistance, which was not transferred.
A single plasmid of ϳ60 MDa was identified in V. cholerae isolates and in transconjugants and tested for incompatibility group (Inc). We found that the V. cholerae R plasmid did not belong to the IncC group, as frequently reported for other plasmids previously identified in V. cholerae isolates (32, 33) .
The following standard plasmids were tested by conjugation experiments: R40a for IncCϭA, RHH72 for IncBϭO, R1drd for IncFII, TP154 for IncH1, TP245 for IncH2, TP110 for IncI1, RJ66a for IncIw, pIP69 for IncM, RPC3 for IncN, RP4 for IncP, Rst1 for IncT, Rsa for IncW, and R6K for IncX (1, 7, 12) . The IncQ group was tested by Southern blot hybridization with the inc-rep Q probe from the plasmid bank (generously provided by W. M. Maas) as described by Couturier et al. (6) . The V. cholerae plasmid was compatible with all the plasmids used and did not hybridize with the IncQ specific probe.
The presence of a previously unknown type of plasmid conferring resistance to drugs of choice in the treatment of cholera represents a novel finding in the description of the antibiotic resistance mechanisms of V. cholerae O1 human isolates.
On the V. cholerae R plasmid we identified the gene conferring trimethoprim and O/129 resistance. Specific primers for the known dfr gene types were used in PCR experiments (Table 1). A 268-bp positive amplicon was obtained by using the DH1 and DH2 primers, which were designed to amplify the dfrA1 gene (8) . The DNA sequence (28) of this DH1-DH2 PCR product demonstrated that trimethoprim resistance was conferred by the dfrA1 gene. This gene was localized on the V. cholerae R plasmid by Southern blot hybridization using the DH1-DH2 PCR product as a probe. Figure 2 shows hybridization results obtained with plasmid DNA extracted from AL885 and BA03 V. cholerae strains. The R483::Tn7 plasmid coding for the dfrA1 gene and the genomic DNA extracted from the HB101 E. coli strain were used as positive and negative controls, respectively.
It has been suggested that the high and still increasing prevalence of trimethoprim resistance could be due to the frequent association of dfr genes to integrons of both class 1 and 2, particularly in Tn21 and in Tn7 derivative transposons (14, 30, 31) .
The dfrA1 gene we found in V. cholerae isolates was not associated with Tn21 or Tn7 integrons, since the V. cholerae R plasmid did not react with specific probes for class 1 (intI1) and class 2 (intI2) integrase genes during Southern blot hybridization. The intI1 and intI2 probes were obtained by PCR amplification of the pACYC184::Tn21 (4) and R483::Tn7 (29) plasmids (data not shown), using the Int1A-Int1B and Int2A-Int2B primers shown in Table 1 , respectively. The presence of class 3 integrons was excluded by PCR amplification with the primers Int3A and Int3B as described by Arakawa et al. (2) . Type 1 sulfonamide resistance (encoded by sul1), which is exclusively associated with the class 1 integron (27), was not detected on the 60-MDa plasmid (data not shown), suggesting that the dfrA1 gene is not a cassette which has been segregated from a FIG. 2. Localization of the dfrA1 gene within the V. cholerae R plasmid. Plasmid DNA was extracted from AL885 (pISS AL 885A) and BA03 (pISS BA 03A) V. cholerae isolates and hybridized with the DH1-DH2 PCR product as a specific probe for the dfrA1 gene. E. coli containing the R483 plasmid that includes Tn7 harboring the dfrA1 gene cassette and genomic DNA from E. coli HB101 were used as positive and negative controls, respectively. Chromosomal DNA lit up because of a weak trapping of the plasmid. Plasmid molecular weight was estimated by comparing the plasmid's mobility during agarose gel electrophoresis with those of R40a, R483, RP4, RSa, and S6K plasmids (22 class 1 integron originally responsible for its insertion. Although our data on the V. cholerae plasmid suggest that the ubiquitous dfrA1 was not identified as an integron-borne gene cassette, we cannot exclude the possibility that this gene is inserted in a new type of integron. Interestingly, a class 1 integron was detected in the V. cholerae isolates when genomic DNA, instead of plasmid DNA, was probed with intI1. Genomic DNA was digested with BamHIPvuII, BamHI-HindIII, and BamHI enzymes, which characteristically recognized specific sites in 5Ј and 3Ј conserved regions of class 1 integrons (13), and it was then compared with DNA from the integron carried by the Tn21 transposon (Fig. 3) . The susceptible V. cholerae NA2 strain isolated in Italy during an outbreak of cholera in 1973 was used as a negative control. Hybridization results (shown in Fig. 3 for the BA03 isolate) indicated the presence in the V. cholerae genome of an integron with a restriction pattern identical to that carried by the Tn21 transposon (In2). This integron is known to carry the aadA1 gene cassette, which confers spectinomycin resistance (27) . The presence of the aadA1 gene cassette within a class 1 integron on the chromosome of V. cholerae strains was confirmed by PCR amplifications using the IntIA-IntIB, 5Ј-CS-3Ј-CS, 5Ј-CS-aadA1, and sul1-sul1R (18, 30) primer pairs listed in Table 1 (data not shown). This class 1 integron accounts for the nontransferable spectinomycin resistance phenotype exhibited by the V. cholerae isolates.
The presence of class 1, 2, and 3 integrons has never been reported before in Vibrio isolates, since a distinctive class of integrase (intI4) has been recently described in Vibrio spp. The intI4 integrase was found to be associated with the V. cholerae repeats and probably represents the class 1, 2, and 3 integrase gene ancestor (20) . The observation that a class 1 integron has been acquired by the V. cholerae genome represents an interesting finding, implying that the antibiotic resistance in this species may evolve through integron-mediated acquisition of further gene cassettes.
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